Abstract. The assessment of drug-induced dyskinesia (DID) in Parkinson's disease represents a formidable challenge for clinicians and researchers alike. The present review describes the current assessment tools used in the clinic, where different scales have been developed for monitoring levels of DID in patients. We also review laboratory tools used to assess the quantity and characteristics of DID. Finally, we review assessment methods currently in development for monitoring DID and voluntary mobility in the natural living environment of patients. Here, we discuss the strengths and weaknesses of these tools as it pertains to their efficacy in assessing the quantity of DID, its characteristics, as well as its impact on the quality of life of patients. Finally, we discuss ongoing challenges and research questions that may guide future development of assessment methods aimed at monitoring DID and its impact on daily lives of patients.
INTRODUCTION
Levodopa-induced dyskinesia (LID) represents the main side effect of long-term treatment in Parkinson's disease (PD). LID is a type of motor fluctuation which can stem from poor management of exogenic levodopa by remaining dopamine neurons, as well as changes in the sensitivity of post-synaptic dopamine receptors [1] [2] [3] . While LID is a commonly used term in the literature to describe motor fluctuations due to PD * Correspondence to: Christian Duval, Département de Kinanthropologie, Université du Québecà Montréal, C.P. 8888, Succursale Centre-Ville, Montréal (Québec), Canada, H3C 3P8, Bureau #: SB-4420. Tel.: (514) 987 3000; Ext: 4440; Fax: (514) 987 6616; Courriel: duval.christian@uqam.ca. medication, drug-induced dyskinesia (DID) will be utilized in this review as it includes other possible causes of motor fluctuations seen in PD. Indeed, these motor fluctuations can also be induced by dopamine agonists [4, 5] possibly thru changes in globus pallidus internus (GPi) neuronal activity, such as firing rate and firing frequency, mediated by D 1 and D 2 dopamine receptors [5] . DID can also stem from the addition of COMT-I agents to the treatment regimen [6] ; which block the peripheral metabolism of levodopa to 3-0-methyldopa (3-OMD) [7] , and also slightly prolonging elimination half-life of levodopa [8] resulting in increased bioavailability of levodopa and a measurable increase in the amount of levodopa entering the brain. The resulting motor fluctuation is hyperkinesia manifesting as uncontrolled limb movements that can be present throughout the body. While there are several classifications or types of DID, such as dystonic, ballism and myoclonus [9] [10] [11] [12] , the most common type is choreic peak-dose dyskinesia which is random in appearance, involuntary, purposeless, non-rhythmic, abrupt, rapid, irregular, and unsustained [9] . This type of DID produces unpredictable movements of the limbs while being temporally well time locked to the medication intake in most instances. Proper assessment of the characteristics of DID in PD is essential in order to monitor the effect of treatment, as well as how DID influences voluntary motor acts of patients. This latter issue is important since it ultimately provides information as to when DID has an impact on the quality of life of patients. However, the assessment of DID, and its impact on the daily lives of patients, has always been a formidable challenge to clinicians and researchers alike. In this review, we will present an overview of the current methods of assessing DID in the clinic, in the laboratory, as well as in the natural living environment of patients. For each of these sections, we will discuss strengths and weaknesses of these assessment methods. Finally, we will discuss future challenges related to the proper quantification and characterization of DID. The methods described here will only cover efforts to assess DID in PD, while recognizing that some methods originated from assessing other types of motor dysfunctions such as chorea in Huntington's disease, tardive dyskinesia, etc.
CLINICAL ASSESSMENT OF DID
The fast pace of current movement disorders clinics requires effective means of assessing patients so as to keep track of changes associated with disease course. This is the basis for the development of clinical scales. Accordingly, the main goal of a clinical assessment should be to efficiently provide a clinical picture of the state of a patient at one point in time. As well, clinical scales should be geared towards assessing the impact of motor symptoms on the daily lives of patients. The assessor (usually a clinician or trained medical personnel) will simply enter their assessment of the level of DID on a scale or questionnaire. In some cases, the patient may enter the required information on a form. The origins of these assessment scales for DID can be divided into three main groups. The first group is comprised of scales examining global motor disabilities in PD, in which elements target DID assessment. This is the case for the Unified Parkinson's disease rating Scale (UPDRS) [13] and now the Movement Disorders Society sponsored revision of the UPDRS (MDS-UPDRS) [14] , or the Core Assessment Protocol for Intracerebral Transplantation (CAPIT) [15] , in which sub-scores are specifically targeting the level of DID. The second group of scales was developed based on the assessment of involuntary movements associated with other syndromes, such as the Abnormal Involuntary Movement Scale (AIMS) [16] . The AIMS was first developed for tardive dyskinesia, and was subsequently used for Huntington's chorea and PD DID. Finally, the third group was developed specifically to assess dyskinesia, such as the Unified Dyskinesia Rating Scale (UDysRS) [17] , the Rush Dyskinesia Rating Scale [18] , and the Clinical Dyskinesia Rating Scale (CDRS) [19] . Other scales were specifically developed to assess the impact of DID on the daily life of patients. The Lang-Fahn Activities of Daily Living Dyskinesia Scale [20] and the Parkinson's disease Dyskinesia Scale (PDYS-26) [21] are examples of those types of scales. An exhaustive evaluation of each of these scales was performed by the task force on scales to assess dyskinesia [22] . In brief, they view as an optimal scale one that should be able to capture the level of impairment and level of disability, the anatomical location of DID, changes over time and finally, the patient's own assessment of their DID. While they recommend the use of the AIMS, as well as the Rush Dyskinesia Rating Scale based on their evaluation criteria, despite each having some shortcomings, all the other reviewed scales were classified as being suggested for use since they each partially fulfilled their assessment criterion. They point out that scales being only suggested for use were also validated, reliable and sensitive enough for the assessment of dyskinesia. Each of these scales has their own advantages, such as providing quick assessment, as well as good assessment of DID location on the body (e.g. the AIMS) and the impact of DID on the daily lives of patients (e.g. the PDYS-26) while each having limitations. For instance, the mere nature of the clinical settings in which clinicians and medical personnel work, i.e. space and time constraints, requires that the assessment be performed simply and quickly. Limiting the efficacy of such evaluation is the fact that DID is inherently variable during the day within a given patient [23] . Furthermore, we recently demonstrated that the amplitude and location of dyskinetic movements change even over short periods of times [24] . We also demonstrated that the amplitude of dyskinesia was highly sensitive to the voluntary movements made in other parts of the body [24] . These issues make it even more difficult to capture the clinical picture of DID in a patient, let alone determine how it will influence their daily lives. Nonetheless, there are clinical scales that incorporate self-reported evaluation by the patient, such as the UDysRS, which can provide a better picture of the fluctuations in DID over the preceding week. Indeed, to our knowledge, the UDysRS is the only clinical scale for which temporal stability has been established [25] . This indicates that as long as the evaluation is performed when the patient is in a known stable medication state (i.e. ON or OFF), one evaluation with the UDysRS is a reliable estimate of the score that would be obtained at any other time for that patient. One more limitation in the assessment of DID is the difficulty to distinguish, in some cases, between end-dose dystonia and choreic-type DID.
All of the aforementioned scales were validated on the basis that the evaluator can differentiate dyskinesia from other forms of involuntary movements. Their intra-and inter-rater reliability has also been verified and confirmed by many studies. They were demonstrated as being sensitive, as long as the evaluator is sufficiently trained and can detect the involuntary movements when present. However, it is the resolution of some items in certain scales that may prove problematic, especially when they are used to assess the effect of treatment. Indeed, several clinical scales use items that can be scored between 0 and 4 (e.g. UDysRS and MDS-UPDRS) or 1 to 5 (e.g. AIMS). Other scales, while still providing scores between 0 and 4, allow for possible intervals of 0.5 (for example, the UPDRS). This means that each of those items has a maximal resolution of approximately 3 bits (i.e. 9 increments in scoring), which is hardly enough to detect subtle changes in DID state over time or as a result of treatment. Of course, when adding all the items of a particular scale, such as in the AIMS, a better resolution of whole-body dyskinesia can be obtained. While clinical assessment may provide information as to the location and severity of DID, subtle changes in amplitude, relative distribution within each limb and other characteristics such as velocity and frequency cannot be evaluated using these methods. Below, we will make the case as to why tests with a higher resolution may be important. Currently, however, clinical scales represent the best tool available to clinicians for quick, reliable and affordable assessment of the clinical state of the patients as it pertains to DID. Most of these scales are readily available as they can be downloaded from the web (for example see the Movement Disorders Society website [26] ). It is also the most practical mean of assessing DID in large cohorts as they are inexpensive and require relatively little training for their use and interpretation of results.
LABORATORY ASSESSMENT OF DID
In order to better understand the impact of DID on patients' motor performance, as well as to investigate the pathophysiology of those clinical manifestations; one must use higher-resolution instruments that provide ways to capture the actual movement to be examined using more sophisticated analytical methods. The goal of these tools should be to provide more accurate quantification of the characteristics of DID, such as the magnitude, velocity, localization and any other pertinent property of DID relating to a specific question. Several methods have been used to assess DID in patients with PD, such as surface electromyography (sEMG), wearable sensors, camerabased and magnetic motion tracking systems. For instance, Yanagisawa and Nezu [27] used sEMG to study DID, and found irregular bursts in the EMG pattern. This method proved efficient in assessing the irregular nature of the interplay between agonists and antagonists muscles during DID. Burkhard [28] developed a sensor that measured rotational movements using a double-ended quartz tuning fork driven to oscillate at 10 kHz. This piezoelectric device measured torque of the examined limb during DID. Mounted on both hands, the device was able to detect pronationsupination and flexion extension of the wrist which helped in assessing the magnitude of DID during quiet stance while comparing both sides of the body. Their device correlated well with clinical ratings of DID severity using a customized rating scale. They also provided the main frequencies of DID, which lie somewhere around 3.5 Hz (from the velocity power spectrum). This frequency of DID has been confirmed by us [24, 29, 30] and others [31] [32] [33] using other laboratory assessment methods. Liu et al. [31] developed a way to assess DID of the arm using digitised spiraldrawing tasks. Using spectral analysis of the drawings, they were able to identify dyskinesia, voluntary movements and tremor. Their assessment of DID using this task correlated with clinical assessments using the UPDRS and the Bain Dyskinesia Scale. This method of assessing DID has been useful to assess the effect of different treatments on DID [34] . Rao et al. [35] have developed video-based assessment methods by which the level of DID can be assessed using clinical video recordings of patients. This method called for the identification of landmarks on the patients (limited to the head and shoulder in this study) that could be tracked during multiple frames using a custom-designed algorithm. They also found a high correlation between their evaluation system and the assessment performed by a trained clinician using the UPDRS. The advantage of this system is that it can be used on previously recorded evaluations; however it is time consuming and is currently limited in the number of landmarks which can be assessed. Chung et al. [36] have proposed the use of force platforms to assess the magnitude of DID. They simply used the amount of center of pressure displacement to calculate the level of DID. They found a high correlation between the area under the curve, i.e. the magnitude of center of pressure movement, and the clinical evaluation of DID using the AIMS.
These aforementioned methods have some limitations such as providing limited information about the location of the DID, as well as the type of dyskinesia present in that patient; i.e. choreic or dystonic. Since DID can be present throughout the body, it would be logical to attempt to capture the entire body in order to assess its characteristics. Current video-based systems (often called optical systems) using passive reflective markers or active infrared-emitting markers are ubiquitous in biomechanics laboratories around the world. They are highly accurate, and provide translational data that can be used for complete analysis of movement. Since the patient is not wired to a computer in any way, the field of recording can be customized. However, the unpredictable nature of DID renders the positioning of cameras and markers on the body extremely difficult. In fact, the unpredictability of motion may cause some of those rigid markers to be hidden during recording. Accordingly, the line-of-sight issue represents a formidable challenge. Another aspect that hinders the use of optical systems is the fact that rigid bodies (i.e. multiple markers) must be placed on each limb to capture longitudinal rotations of limbs, so as to provide full 6 degrees of freedom data for each limb in displacement (x, y and z in 3D space), as well as Euler angles (pitch, roll and yaw). This increases the number of markers to be tracked, raising the probability of losing sight of some of those markers. This is probably one of the reasons why, to our knowledge, no attempt has been made to quantify whole-body DID with such systems. However, these types of systems have been used to assess DID in specific limbs, providing highly accurate information on the characteristics of DID within the examined limb [37] . A type of system that can circumvent the line of sight issue is a magnetic tracker system. Here, a box containing three coils mounted orthogonally generates consecutive electro-magnetic pulses that are detected by multiple sensors placed strategically on the body. Each sensor can provide data of the 6 degrees of freedom which allows, for example, the patient to be sitting down in front of a table, while performing motor tasks. Using such a system, we were able to demonstrate the influence of DID on voluntary movements and the influence of voluntary movements on DID [38, 39] . The same relationship was demonstrated in Huntington disease chorea [24, 40] . In addition, we were able to describe the variability of DID in time and space (i.e. the location of DID throughout the body) [24] , as well as provide information about the movement patterns of DID [30, 41, 42] . We were also able to compare the dynamic relationship between voluntary movements and DID in PD and Huntington disease chorea [29] . One drawback of this type of equipment is that it requires time to setup the sensors and to assign them to specific center of mass of the limbs on which they are to be installed. This type of equipment is also very sensitive to magnetic disturbances which require careful planning and mapping prior to installation.
While the tools described above are readily available, very few groups have taken up the challenge of assessing and characterizing DID in a laboratory setting. As for the clinical assessment, the issue of DID variability [23] must be once again addressed. While laboratory assessment may provide a better resolution of DID characteristics, it can only do so on a limited time scale. Indeed, for most research on DID, it is not feasible to bring patients within a laboratory setting for several hours and expect them to display "normal" DID. Another issue is that differentiating voluntary movements from involuntary movements is problematic. In fact, several groups have worked on differentiating voluntary movements from DID (see next section for details). Tremor is another type of involuntary movement that must be differentiated from DID in order to adequately interpret the results. While tremor and DID have different intrinsic properties, time-and frequency-domain analyses must be performed in order to differentiate both types of movements. Finally, most of these equipments require substantial financial expenses as well as relatively long and arduous training for their use, but also for the analysis and interpretation of the results.
NATURAL LIVING ENVIRONMENT ASSESSMENT OF DID
One important aspect that is not well understood about DID is how it affects the lives of patients in their natural environment. Current clinical scales as well as laboratory assessments for DID will provide some information about the effect of treatments on the everyday life of patients, but rely on measures of impairment made in the clinic, sometimes on measures of disability, but rarely on measures of handicap. Clinicians must then rely on feedback from patients, which can be difficult to interpret. For instance, the patient may report benefits from a change of medication, but the spouse may contradict this claim by telling the treating physician that the overall amount of mobility is reduced (e.g. increased apathy). These problems represent the driving force behind the developments of new techniques for the monitoring of DID in the natural environment of patients. To date, attempts made by clinical scales and laboratory assessments to capture the effect of DID on the daily activities of patients represent valid efforts. However, they do not capture the effect of DID on the entire repertoire of movements of the patient during their daily routine, which limits our ability to determine when DID is detrimental to them, and when it is not. Then, the objective should be to develop nonintrusive systems that can monitor not only the quantity of mobility, but also provide means to assess its quality.
In recent years, there has been tremendous effort in developing technological methods to assess DID in an ecological manner, meaning that sensors would be worn by patients with minimal influence of the device itself, and the experimentalist. Some have used accelerometers, gyroscopes or combinations of those methods and others called inertial motion units (IMU). The advantages of using such systems are numerous. First, it allows for the assessment of movement in the natural living environment of patients, with minimal interference by the experimentalist. This is important since no optical system, to date, will have the flexibility provided by wearable accelerometers or IMU in a home setting. Second, it may be used for longterm recordings (i.e. several hours), which provides a more accurate representation of changes in motor symptomatology throughout the time course of treatment, i.e. the pharmacodynamics. Finally, they may help us eventually discern when DID become a major burden for patients by determining, for instance, when compensatory strategies used by patients no longer work. Indeed, the majority of these equipments, similar to those that are used in the laboratory, can capture enough biomechanical information to develop analytical models to assess these and other relevant features.
Manson et al. [33] used a sensor composed of three orthogonally-mounted uniaxial piezoelectric accelerometers. This sensor was mounted on the shoulder of a patient. The patient also wore a data logger on his belt with a power supply which allowed for autonomy of 15 hours. Patients were asked to perform motor tasks that were included in modified clinical scales such as the AIMS and the Rush Dyskinesia Scale. They found that levels of acceleration were well correlated with clinical scores. One issue encountered was that the voluntary movements overlapped with the involuntary movements, even though dyskinetic patients showed higher peaks of acceleration between 1 and 3 Hz. The issue of differentiating involuntary from voluntary movements is a complex matter that is addressed below.
Hoff et al. [43] recognized the need to assess more than only one limb in order to have a clearer clinical picture of DID. They installed eight accelerometers mounted in pairs to cover the coronal and sagittal plane of the upper leg, wrist, truck and upper arm. The severity of DID was measured against a modified AIMS, and CDRS. Their assessment method proved to be effective when patients refrained from performing voluntary movements, but less effective during voluntary motor tasks. They tackled this issue by examining whether assessing acceleration of multiple limbs could help in detecting ON and OFF clinical states during a 24 hour recording [44] . They determined that their assessment method was not sensitive enough for automated ON-OFF detection in individual patients. They recognized that voluntary movements again overlapped with involuntary movements, rendering clinical assessment of either bradykinesia, or dyskinesia more difficult. Indeed, a voluntary self-restriction in motor activities may result in a wrong OFF detection. Keijsers et al. [45] , who took the data collected in the aforementioned study of Hoff et al. [43] , circumvented these issues by applying neural network analysis instead of simpler linear discriminate analysis. They were able to better distinguish voluntary from involuntary movements, but this evaluation was still not optimal. Keijsers et al. [46] later tested improved neural network algorithms on data collected in a home setting while patients performed pre-determined everyday activities for 2.5 hours. This time, they used six sites to place the accelerometers: both upper arms, both upper legs, wrist of the most dyskinetic side, and trunk. Several variables were fed into a multilayer perceptron (feedforward artificial neural network model) made of one input layer, one hidden layer and one output layer. Results showed that the neural network was able to detect and assess the magnitude of DID, as well as discriminate voluntary movements from involuntary ones. With this study, the group of Keijsers demonstrated that neural networks were efficient in detecting interactions between movement variables and determined which were important for the assessment of DID. However, when mild DID was present with or without voluntary movements, their algorithm encountered difficulty in isolating dyskinesia. Yet, this represents an important step in the automatic detection and assessment of DID. Others have recently presented similar work using a combination of sEMG and accelerometers [47] , a series of accelerometers [48] , as well as gyroscopes and accelerometers [49] to assess DID, with results showing classification accuracy of 93% or better between dyskinesia and voluntary movements.
For most of the aforementioned studies, sensor position was determined based on the specific questions examined, and from educated guesses. Thus, the collected data provided information about one specific aspect of mobility, neglecting potential other key features that could be relevant. This is not a critic per se, in fact data reduction, i.e. reducing the number of sensors to a minimum to attain one's goal in capturing the desired mobility features, should be the ultimate goal. Nonetheless, restricting the amount of sensors may result in key information being missed. This is why it would be interesting to examine home mobility using a 'top-down' approach, i.e. have enough sensors to recreate whole-body movement, rather than a 'bottom-up' approach where the minimal number of sensors is used based on educated guesses. To date, there are only a few off-the-shelf systems that use multiple IMU sensors which comprise accelerometers, magnetometers and gyroscopes, e.g. [50] . These sensors are all linked into a biomechanical model that allows for 3D representation of whole-body movement within the natural environment. Usually, data from the sensors are streamed wirelessly to a receiving computer located within the recording space. Their accuracy and ability to perform long-term recordings are highly dependent on the quality of their inertial sensors; their built-in Kalman filters which help reduce noise within the system, as well as how the system can be modified in order to adapt it to the environment in which they are being used. Indeed, the integrity of the data will be highly dependent on how it behaves when magnetic disturbances are present due to the presence of magnetometers in the IMUs. The fast-pace development of such systems will most certainly allow for easier whole-body assessment, which can then be analyzed in detail to produce a series of key features (probably using mathematical means such as neural networks and others) and optimal number and location of sensors to capture the important aspects of movement needed to assess DID and its impact on the daily lives of patients with PD. To reach this goal, there will be several aspects to take into account (1) which key feature(s) better identify DID amongst voluntary movements, (2) how do those key features differ for different tasks, and (3) what is the optimal sensor placement to capture these key DID features.
Despite the obvious benefits, some important challenges remain. First, these types of sensor do not provide direct translational data. Only an estimation of DID is obtained from the fusion of the accelerometer, gyroscope and magnetometer data which is also limited by the algorithm used to perform this fusion. Second, there are currently limitations about distances traveled by patients. While some systems use data logging, others rely on wireless transmission of data to a computer located within the patient's home. Also, it is currently difficult to assess their true accuracy since no systematic comparison has been made with optical systems using a robust protocol that comprises multiple degrees of freedom and multiple sensors for long periods of time. Furthermore, most of the studies using these methods were performed on a limited number of patients. The high variability of motor disabilities within the PD population represents an obstacle for the development of automatic recognition and assessment of motor symptomatology. The differentiation of DID and tremor, such as for the laboratory assessment tools, is another challenge that needs to be addressed using the current natural environment assessment tools. Finally, the cost of such systems is still high, especially for those assessing whole-body movements. However, the fast pace development of these technologies, associated with a progressive reduction in cost, will eventually make such assessment methods available for all.
CLINICAL EVALUATION VERSUS THE USE OF TECHNOLOGY
Several methods described in the laboratory and home settings reported good correlations with clinical assessment. One could then come to the conclusion that clinical scales are as good as more elaborate technological methods, which can be more complicated to implement. However, this argument can be counteracted by the fact that long-term recording using multiple sensors could detect not only the magnitude of dyskinesia, but also its time-varying location on the body, and the time course of appearance of DID, with limited external intervention during recording. Furthermore, it could provide valuable information about strategies used by patients to counteract DID, with the development of advanced algorithms. Clini-cal scales, on the other hand, allow for the identification of specific types of DID, where more technologicallyoriented methods do not still possess the necessary sophistication to differentiate between the different types of dyskinesia. Nonetheless, one must keep in mind that the choice in assessment tool should always be guided by the specific question being asked.
FUTURE CHALLENGES IN THE QUANTIFICATION OF DID
Clinicians treating individuals with PD having DID face many challenges and difficult choices. First, they have to maintain optimal mobility of their patients, i.e. provide enough medication to avoid motor symptoms, while avoiding motor side effects such as DID. This task is rendered more difficult as the disease progresses. Once DID begins to occur, the clinician must then decide whether to modify medication dosage or to change the medication regimen by adding or withdrawing certain drugs. However, while dopamine agonists seem to reduce DID, they are not well tolerated by all patients, as they may increase psychiatric side effects [51] [52] [53] . The other possibility is simply to reduce the dosage of levodopa, but to the detriment of motor performance. The fact that bradykinesia is present with DID [38] seems to indicate that any reduction of levodopa has the potential to greatly reduce mobility. The solution may come with proper understanding of the impact of DID on voluntary motor acts. Indeed, the problem with actual treatment algorithms to manage DID is that they focus solely on whether DID is present or not, while putting aside how they affect everyday life. Does a reduction of 50% of DID in a particular point in time induce a 50% increase in functional mobility? In that particular case, it may be possible that the reduction in DID will be accompanied by an increase in bradykinetic features. On the other hand, a reduction of only 15% of DID may allow a patient to gain 40% of his or her functional capacities, as he or she is able to better control his or her hand during gross manipulation of objects without any major increase of bradykinetic symptoms. It may also be that the relationship between the amount of DID and mobility deficits is not linear. This 'signal-to-noise ratio' phenomenon, where the signal is the voluntary movement and the noise represents the DID, must be better understood before deciding whether the absence of DID is preferable. Furthermore, the understanding of the signal-to-noise ratio relationship between voluntary movements and DID would enable us to determine when DID becomes unmanageable for the patient. Indeed, patients must integrate the movement patterns of DID into the voluntary motor scheme in order to perform voluntary motor acts. In the signal-to-noise ratio rule, the difficulty in performing motor tasks will then be highly dependent on the amplitude of the voluntary act and the amplitude of DID in the limb performing the voluntary movement. Furthermore, the amount of close-loop (with sensory feedback) versus open-loop (movement performed with little or no sensory input) portion of movement will also dictate the influence of DID on performance. Finally, the velocity of the movement performed is also a key factor, as faster movements tend to increase the signal-to-noise ratio. Ideally, knowing the necessary signal-to-noise ratio for key daily activities, as well as better understanding how patients deal with DID during their everyday life could help us make great strides in deciding proper management of these motor fluctuations.
Of course, technological assessment of DID is not without limitations. First, there is the issue of availability; current instruments such as magnetic trackers, video-based motion capture system or inertial sensors are expensive, and they require substantial space to operate them, which is not readily available in a hospital setting. Second, they require highly-qualified technicians to operate them. This is why they are usually reserved for research purposes. Third, there are currently no commonly-accepted mathematical methodology to characterize DID, which in itself represents a challenge in interpreting the results. This is even evident for a simple evaluation of the amplitude of DID. Until there is consensus on how to examine characteristics of DID, it will be difficult to have them accepted as a "valid" and "reliable" method of quantifying DID. Fourth, DID possess a diurnal motor pattern which is described as an increase in the severity of DID later in the day [23, 54, 55] due to a build-up of successive doses of levodopa/carbidopa [54] . Indeed, while a patient might present only with mild dystonia early in the morning, an assessment later in the day could identify DID. It is thus difficult to gather a complete profile of motor fluctuations experienced by a patient throughout the day; regardless of the assessment method used. Finally, there is the issue of acceptability by the clinical world. Clinicians are reticent to use such methods in their clinics because of the aforementioned reasons. The only way to circumvent the resistance by clinicians will be to (a) propose inexpensive, simple means to assess DID that require little or no qualified personnel, (b) such methods will have to provide information currently provided by clinical means of evaluation, but also information that is otherwise not available to clinicians. For example methodologies used to quantitatively assess DID in the natural environment of patients could help evaluate the effect of change of medication on DID amplitude and overall mobility during a week. This could provide clinicians with valuable information that is not necessarily available with simple clinical evaluation in the clinic. Nonetheless, much work remains to be done to provide such device to the clinical world.
